Background. Imatinib inhibits the KIT and PDGFR tyrosine kinases, resulting in its notable antitumor activity in gastrointestinal stromal tumor (GIST). We previously reported the early results of a multi-institutional prospective trial (RTOG 0132) using neoadjuvant/adjuvant imatinib either in primary resectable GIST or as a planned preoperative cytoreduction agent for metastatic/recurrent GIST. Methods.. Patients with primary GIST (C5 cm, group A) or resectable metastatic/recurrent GIST (C2 cm, group B) received neoadjuvant imatinib (600 mg/day) for approximately 2 months and maintenance postoperative imatinib for 2 years. We have now updated the clinical outcomes including progression-free survival, disease-specific survival, and overall survival at a median follow-up of 5.1 years, and we correlate these end points with duration of imatinib therapy.
ABSTRACT
Background. Imatinib inhibits the KIT and PDGFR tyrosine kinases, resulting in its notable antitumor activity in gastrointestinal stromal tumor (GIST). We previously reported the early results of a multi-institutional prospective trial (RTOG 0132) using neoadjuvant/adjuvant imatinib either in primary resectable GIST or as a planned preoperative cytoreduction agent for metastatic/recurrent GIST. Methods.. Patients with primary GIST (C5 cm, group A) or resectable metastatic/recurrent GIST (C2 cm, group B) received neoadjuvant imatinib (600 mg/day) for approximately 2 months and maintenance postoperative imatinib for 2 years. We have now updated the clinical outcomes including progression-free survival, disease-specific survival, and overall survival at a median follow-up of 5.1 years, and we correlate these end points with duration of imatinib therapy. Results. Sixty-three patients were originally entered (53 analyzable: 31 in group A and 22 in group B). Estimated 5-year progression-free survival and overall survival were 57% in group A, 30% in group B; and 77% in group A, 68% in group B, respectively. Median time to progression has not been reached for group A and was 4.4 years for group B. In group A, in 7 of 11 patients, disease progressed [2 years from registration; 6 of 7 patients with progression had stopped imatinib before progression. In group B, disease progressed in 10 of 13 patients [2 years from registration; 6 of 10 patients with progressing disease had stopped imatinib before progression. There was no significant increase in toxicity compared with our previous shortterm analysis.
Conclusions. This long-term analysis suggests a high percentage of patients experienced disease progression after discontinuation of 2-year maintenance imatinib therapy after surgery. Consideration should be given to studying longer treatment durations in intermediate-to high-risk GIST patients.
Management strategies for gastrointestinal stromal tumor (GIST) have greatly evolved in the past decade. 1, 2 The recognition of activating mutations in the KIT (80-95%) and/or PDGFR-a (5%) tyrosine kinases, and the introduction of targeted tyrosine kinase inhibitor (TKI) therapies, have revolutionized the management of these patients. [3] [4] [5] The first TKI approved for the treatment of metastatic or locally advanced GIST was imatinib mesylate (Gleevec; Novartis Pharma AG, Basel, Switzerland), a selective receptor tyrosine kinase inhibitor of KIT and PDGFR-a (as well as BCR-ABL). 6 On the basis of the accumulated data from clinical studies, imatinib was approved as a first-line therapy for locally unresectable or metastatic GISTs and as an adjuvant without specifying specific duration after resection in patients with intermediate-to high-risk primary GISTs. 1, [7] [8] [9] [10] [11] [12] [13] [14] [15] Furthermore, the therapeutic role of neoadjuvant imatinib is unclear beyond its possible facilitation of surgical resection and/or possible reduction of tumor spill or bleeding during surgery, as previously mentioned. 1, 2 Radiation Therapy Oncology Group (RTOG) 0132/ American College of Radiology Imaging Network (ACRIN) 6665 was one of the prospective studies to investigate the effectiveness of imatinib mesylate on GIST and to contribute data to the management guidelines. Unlike other studies, this multi-institutional prospective phase II study was designed to assess the clinical outcomes and tolerability of imatinib (600 mg/day) provided for 8-12 weeks either as preoperative therapy before a planned resection of intermediate-to high-risk primary GIST, or as a cytoreductive agent before planned resection of metastatic and/or recurrent GIST. All patients planned to continue postoperative imatinib (600 mg/day) therapy for an extended postoperative period of 2 years. The shortterm analysis of the patients enrolled onto this clinical trial showed encouraging results of outcomes with a low rate of toxicity. 14 In this report, we have now updated the clinical outcomes including progression-free survival (PFS), diseasespecific survival (DSS), and overall survival (OS), and we correlate these outcomes with the duration of imatinib therapy.
PATIENTS AND METHODS
The trial design and the rationale for this design were previously reported.
14 Briefly, the trial eligibility included documented (CD117-expressing KIT positive) GIST patients with either primary disease (C5 cm) or metastatic/ recurrent disease (with at least one lesion C2 cm). Patients were treated with imatinib (600 mg/day) for a period of 8-12 weeks before surgery. Imatinib was stopped on the day before surgery and resumed as soon as possible postoperatively (600 mg/day) for 2 years (Fig. 1) . Toward the end of accrual completion, the study was amended to allow continuation of postoperative imatinib in patients with metastatic residual disease at the investigator's discretion. Clinical end points included assessments of imatinib-related toxicity and surgical complication assessment, GIST response to preoperative therapy, time to progression, and survival (PFS, DSS, OS).
Time to progression, PFS, DSS, and OS were measured from the date of registration. Time to progression and DSS were estimated by the cumulative incidence method to account for competing risks. 16 PFS and OS were defined in the protocol as previously reported and were estimated with the Kaplan-Meier method. 14, 17 Correlation between resection status and disease progression was assessed by Fisher's exact test. Response Evaluation Criteria in Solid Tumors (RECIST, v.1.0) was used to measure objective response to preoperative imatinib. 18 Toxicities were scored using the Common Toxicity Criteria version 2.0; only events scored as definitely, probably, or possibly related (or unknown relationship) were considered related to protocol treatment. Only patients eligible per protocol criteria who initiated protocol treatment were included in analysis. 14 There were 31 patients (58%) in group A (primary GIST) and 22 patients (42%) in group B (metastatic and/or recurrent GIST). Most primary GIST presented in the stomach (52%), followed by small bowel (20%); for patients with metastatic/recurrent GIST, the most common location of disease at the time of study entry was noted as ''abdominal/ peritoneum'' (50%) ( Table 1 ). The median tumor size in group A was 8.7 (range 5-24.5) cm, indicating that the disease of patients in this group was consistent with an intermediate to high risk of disease recurrence. Imatinib was reported to be a well-tolerated drug in the earlier analysis of this study.
RESULTS

RTOG
14 Preoperative toxicity profiles, compliance for use of imatinib, and tumor response to imatinib (RECIST) before surgery have been previously reported.
14 Similarly, surgical complications remain the same as previously reported.
14 The long-term complication rates associated with the planned 2-year postresection administration of imatinib therapy were slightly increased when compared with the earlier report, now with more follow-up data ( Table 2) . At the time of the initial report, grade 3, 4, and 5 toxicities had been reported for 16 (30.8%) of 52, 11 (21.2%) of 52, and 1 (1.9%) of 52 patients, respectively. For this long-term update, rates of grade 3, 4, and 5 postoperative toxicities were 18 (34.0%) of 53, 11 (20.8%) of 53, and 1 (1.9%) of 53, respectively.
Two patients experienced new grade 3 toxicities (fatigue; fatigue and ileus). Three patients in group A and 4 patients in group B continued imatinib after 2-year protocol therapy. Seven patients in group A and 6 patients in group B reinitiated imatinib after disease progression. Fifteen patients stopped adjuvant therapy early for reasons other than disease progression. In group A, this comprised 9 patients total: 4 due to toxicity, 3 patient refusal, 1 death, and 1 unknown. In group B, this comprised 6 patients total: 3 due to patient refusal, 1 toxicity, 1 alternative treatment, and 1 other disease.
In group A (primary GIST), median follow-up for surviving patients was 4.9 (range 2.7-7.0) years. Eleven patients (35.5%) experienced disease progression or recurrence, and 10 patients died. The 2-and 5-year estimates of risk of disease progression are 12.9% [95% confidence interval (CI) 0.9-24.9] and 36.9% (95% CI 19.0-54.8), respectively. Median time to progression has not been yet reached. The 2-and 5-year PFS rate estimates are 83.9% (95% CI 70.9-96.8) and 56.7% (95% CI 38.7-74.6) (95% CI; Fig. 2 ). The 2-and 5-year OS rate estimates are 93.5% (95% CI 84.8-100) and 76.9% (95% CI 61.9-91.9) (95% CI; Fig. 3 ). The 2-and 5-year DSS rate estimates are 93.5% (95% CI 84.8-100) and 76.9% (95% CI 61.7-92.2).
In group B (metastatic/recurrent GIST), median followup for surviving patients was 5.5 (range 2.2-8.0) years. Thirteen patients (59.1%) had evidence of objective disease progression, and 7 patients died. The 2-and 5-year estimates for risk of disease progression are 13.6% (95% CI 0-28.4) and 61.2% (95% CI 37.7-84.6). Median time to progression is 4.4 years. The 2-and 5-year PFS rate estimates are 77.3% (95% CI 59.8-94.8) and 29.8% (95% CI 8.8-50.7) (Fig. 2) . The 2-and 5-year OS estimates are 90.9% (95% CI 78.9-100) and 68.2% (95% CI 46.9-89.5) (Fig. 3) . The 2-and 5-year DSS estimates are 100% and 77.3% (95% CI 57.0-97.5).
Correlation between surgical resection (R) status and tumor progression has been assessed (Table 3) . For group A, there is some indication, of an association between R status and tumor progression, but the difference is not statistically significant [no surgery, R1-2: 6 (60.0%) of 10, vs. R0: 5 (23.8%) of 21; P = 0.11]. However, for group B, there does not appear to be a correlation between R status and tumor progression (Table 3) . These data, relative to R status, must be interpreted in the context of a small patient sample in each subgroup. Estimated 5-year OS of all patients in both group A and group B is 80.2% for patients with R0 resection and 73.4% for patients with R1-2 resection (hazard ratio 1.33; 95% CI 0.40-4.47; P = 0.64).
A correlation between duration of imatinib therapy and tumor progression was also assessed. In group A, disease of 7 of 11 patients progressed more than 2 years from study registration; 6 of 7 patients with progressive disease had stopped imatinib therapy before progression. In group B, 10 of 13 patients experienced progression more than 2 years from registration; 6 of 10 patients with progression had stopped imatinib therapy before progression.
DISCUSSION
Imatinib has been accepted as the standard first line systemic therapy for patients with metastatic and/or unresectable, locally advanced GIST based on the accumulated data derived from large prospective studies. 1, 2, 19 Imatinib therapy (400 mg/day) has been routinely recommended on the basis of these data, with the potential to increase the dose to 800 mg/day if disease progressed or if a mutation in exon 9 of KIT is identified. The RTOG 0132/ACRIN 6665 trial was conceptualized in 2001 and began patient accrual in February 2002 when optimal dose and duration of imatinib therapy for GIST patients was not yet standardized. The study was designed for postoperative imatinib therapy at 600 mg/day for 2 years, although it has since become clear from many lines of evidence, such as the French Sarcoma Group BFR14 trial, that stopping imatinib in patients with metastatic disease whose disease experienced response after multimodal therapy is associated with rapid disease recurrence and progression. 20 The data from this trial further support this finding: 10 of 13 group B patients experienced disease progression more than 2 years from registration, and 6 (60%) of 10 of the patients with progression had stopped imatinib therapy before documented progression. This supports current recommendations that all patients with metastatic and/or unresectable GIST should continue imatinib therapy indefinitely until evidence of disease progression. 1, 2, 19 It is important to note that the median time to progression is 4.4 years in this group, which is considerably longer than the 24 months reported from other trials of metastatic GIST. This lengthy time to progression cannot be explained solely by the success of surgical resection of metastatic/recurrent GIST in this cohort because the complete resection (R0) or maximal debulking (R1) of metastatic/recurrent GIST could not be definitively demonstrated to have a positive impact on tumor progression with comparison to those with gross tumor left behind (R2) or to those with no surgery (Table 3 ). This may partially be explained by the small number of patients in this group (n = 22) as well as by the fact that patients in this group were specifically chosen to be potentially amenable to surgical resection, thus likely demonstrating less tumor volume upon study entry, and certainly reflecting a more CTC Common Toxicity Criteria highly selected group than the larger phase 2 or 3 studies that included patients with widespread, bulky metastatic disease who were specifically judged to have surgically unresectable disease. Indeed, data from U.S. Finish Study B2222 in advanced GIST evaluated tumor volume to outcome, with lower tumor burden correlating with improved disease control. 9 Surgery has long been the cornerstone in the management of localized GIST, with reported 5-year recurrencefree and disease-free survival rates of 49% and 65% after complete resection. 21, 22 Recently, imatinib has been approved by regulatory authorities as adjuvant therapy for adult patients with primary GIST who are at high risk of relapse after resection. 1, 2, 19 This approval is based on the results from the phase 3 American College of Surgery Oncology Group (ACOSOG) Z9001 trial of 778 patients with KIT-expressing GIST (C3 cm) who underwent complete resection followed by 1 year of imatinib (400 mg/ day) or placebo. It is relevant to note that the approval language of the U.S. Food and Drug Administration did not specify duration for imatinib dosing in the adjuvant setting, and thus the approval did not match the duration for which imatinib was administered on this pivotal trial. 7 Adjuvant imatinib provided a significant improvement in recurrencefree survival but not OS in short-term follow-up of the Z9001 trial. From the long-term update of RTOG 0132 of 31 patients with GIST of at least intermediate risk (based purely on tumor size-median size 8.7 cm, range 5-24.5 cm) who completed resection followed by adjuvant imatinib therapy for 2 years (group A), we noted that complete resection of gross and microscopic disease (R0) had an impact on time to progression. This confirms the expected importance of the R0 resection in the management of localized GIST. [23] [24] [25] In addition, a significant drop is noted in both PFS and OS after 2 years when adjuvant imatinib therapy was discontinued (see Fig. 2 for PFS and Fig. 3 for OS) . For example, PFS drops from of 83.9% at 2 years to 67.4% at 3 years, then to 60.7% at 4 years, and finally to 56.7% at 5 years. Furthermore, 7 of 11 patients exhibited progression of GIST more than 2 years from registration; 6 of 7 patients with disease progression had stopped imatinib therapy before progression. These results suggest that a longer duration of adjuvant imatinib therapy is required to delay the development of recurrence/metastasis and to prolong PFS in patients with intermediate-to GIST gastrointestinal stromal tumor high-risk GIST. We hope that long-term follow-up of the ACOSOG Z9001 trial will confirm our observation. A recent finding was reported by the SSG XVII/AIO in the 2011 ASCO proceedings. This 400 patient prospective randomized trial of adjuvant imatinib administered postoperatively for 12 months versus 36 months in high-risk primary GIST patients indicated both a disease-free survival and OS benefit for the 36 month duration group. 26 Results from several small retrospective studies have suggested that some patients with localized metastatic/ recurrent GIST may benefit from surgery after response or stabilization to imatinib treatment. 1, 2, 19, [27] [28] [29] [30] In these retrospective studies, preoperative imatinib therapy was provided for 3-12 months. It is now commonly recommended that resection should be performed once the maximum benefit from imatinib has been achieved but before tumor progression occurs. However, the clinical role of imatinib therapy followed by surgical resection in responsive metastatic GIST remains intriguing but unproven. To our knowledge, RTOG 0132 is the only reported multi-institutional prospective study to evaluate the activity and tolerability of imatinib (600 mg/day for 8-12 weeks) as a preoperative cytoreductive agent before a planned resection of metastatic/recurrent GIST. Results from this long-term analysis show it is safe to have a surgical resection after preoperative imatinib therapy for 8-12 weeks, but suggests that the complete resection (R0) or maximal debulking (R1) in this small group of patients had no substantial impact on tumor progression compared to patients with no surgery or gross residual tumor left behind (R2) ( Table 3 ). It therefore still remains an open question as to benefit of an extensive abdominal surgery in imatinib-responsive disease or in stable patients with metastatic GIST in the absence of tumor-related symptoms. A prospective clinical trial addressing this issue was launched in Europe, but unfortunately it was closed as a result of poor accrual. Therefore, the absolute role of surgical resection in metastatic/recurrent GIST in the imatinib era is not well defined. The potential advantage of tumor removal in this setting is to obviate drug resistance or to prevent development of complications from a large metastatic site. Individual early on multidisciplinary management for these patients is critical to decisions regarding the combination of surgery and imatinib. Defined variables, such as tumor volume, and as yet undefined variables, such as tumor genomic profiling, may prove to be important in these decisions.
Similarly, the role of neoadjuvant imatinib for patients with locally advanced, though resectable, GIST remains a matter of judgement for a multidisciplinary team to use in shared decision making with a patient. The short-term analysis from RTOG 0132/ACRIN 6665 demonstrated the safety and feasibility of neoadjuvant imatinib therapy (600 mg/day for 8-12 weeks) before surgery.
14 Furthermore, we noted that patients who had no surgery or had R1-2 resection trended toward having a higher chance of developing tumor progression compared with patients who had an R0 resection (60% vs. 23.8%, P = 0.11). A publication from the French Sarcoma Group BFR14 study identified 25 patients with locally advanced nonmetastatic/ recurrent GIST who were treated with neoadjuvant imatinib. 31 The resection group (9 patients) had marked advantage in terms of PFS and OS when compared with the 16 patients who did not undergo resection of their primary GIST. Although this might simply be due to other clinical and biological differences between these patient groups, it is also consistent with a possible impact of neoadjuvant and adjuvant imatinib as well as complete surgical resection of the primary GIST. Neoadjuvant imatinib may be important in clinical circumstances where tumor shrinkage will facilitate complete resection or decrease the morbidity of the surgical resection. It might also be clinically relevant to know whether the GIST responds to imatinib therapy before extensive abdominal surgery. However, because of the small sample size and nonrandomized study design, the results of RTOG 0132 or BFR14 fail to provide definitive evidence that neoadjuvant sequencing adds more benefit than adjuvant imatinib alone for patients with resectable primary GIST with intermediate-to high-risk features.
In conclusion, the long-term analysis of the patients enrolled onto RTOG 0132/ACRIN 6665 showed no significant increase in treatment complications after preoperative imatinib therapy (600 mg/day for 2-3 months) in patients with resectable locally advanced GIST (group A) or patients with operable metastatic/recurrent GIST (group B) followed by maintenance therapy (600 mg/day) for 2 years. Complete resection of gross and microscopic disease (R0) appears to have an impact on tumor progression in patients with resectable locally advanced GIST, but this was not demonstrated in patients with metastatic/recurrent GIST. However, the analysis was certainly affected by the small number of patients in the metastatic/recurrent GIST group, particularly those with R2 or no surgery, and our analysis cannot provide any important conclusion regarding the benefit, or lack thereof, with planned surgical resection. In addition, the disease of a high percentage of patients progressed after discontinuation of 2-year maintenance imatinib therapy after surgical resection, supporting the need to study longer treatment durations of imatinib in patients with primary GIST after resection yet who are at a high risk of disease recurrence as per modern risk profiling of the disease.
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